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IMMOBILISED CELLS 



This invention relates to immobilised cells, in particular those in which bacterial or fungal cells are 
immobilised in intimate admixture with a solid organic polymer, and to processes for the preparation and 
use thereof. 

It is known, for certain biological cells which contain a commercially-useful enzyme that it is often 
5 desirable for the enzyme to be harvested in situ in the cell. Where it is desired to use the aforesaid enzyme 
in chemical or biochemical processes it is known that it is often convenient to immobilize the cell (including 
the enzyme) in a strong, porous structure. Such known porous structures, which may be continuous or in 
the form of a plurality of discrete granules, comprise at least one cell and a material which provides the 
structural support therefor; which material is hereinafter referred to for convenience as "the support." Such 
io known structures tend to (a) facilitate handling of the cell andor enzyme; (b) increase the lifetime of the 
enzyme by allowing its catalytic activity to be maintained and its loss from the cell to be reduced such that 
the cells can be recycled and re-used; and (c) allow the enzyme to be used in harsh, physical and/or 
chemical environments. 

It has been reported that cells of certain microorganisms have been immobilised in certain systems by 
T5 inter alia : 

(a) adhesion to a solid inorganic surface. e.g., glass (Batlotini) beads; 

(b) entrapment within cerjain.pj^ticsponges or wire meshes; 

(c) c aptur e in gels formed frorncertain suitable_materials. e.g. an alginate_or a polyag^mjdei 

(d) eombiQati^jyTth io n-exchang e comp ounds , e.g. Daugulis et al usedjf _ basic ; jonjwchangeJ(E352 
20^for-the absorption of Saccharomyces cerevisiae ; 

(e) covalent bond forma tion to certain solid supports; 

if) en^^menTofNCert ain cell s, in combinations (^poiycajonjcjand pq[y / ani2nj^o as 
de scribedlFTUS 38 2tQ86 and b y S J Bu ngard.etal Tn.tte -American Chemica^ Society Symposium Jeries 
1979. 106. 139; 

25 (gr§nff§pment of certain cells in-certain-polvmer beads by incorporation .oLthe^eljsJn a monomer 

mixtuf e.priorjo the polymerisation thereofrand -*"" J ^ss» 

(h) cro ss-finking wit h glutaraldehyde. often in the pr esence of a protein, e.g. albumin . 
It is known that gr^TcanTQften haTfcTbe taken in mTp»£p£r^ systems to maintain 

the integrity and accessibility of the cells therein. Furthermore, those procedures which involve chemical 

30 formation of the support in the presence of the cells or chemical treatment of cells e.g. with glutaraldehyde. 
are often subjected^to certain constraints, e.g. enzyme degradation. 

It will be appreciated that for use in industrial processes it is desirable to combine (a) strong adhesion 
or bonding of the cells to the support with (b) a high concentration of accessible enzyme in the structure. 
The strong adhesion~or bonding f of ThTcells to the support is such that they are not detached or unduly 

35 damaged by the stresses and strains to which they may be subjected in use. for example in continuous 
reaction columns or batch-process vessels. Further, it is desirable that the structures are able (a) to 
withstand sustained pressure. e.g. in continuous-reaction columns, without undue compaction thereof and 
(b) to survive sustained shear forces in batch stirred reactor environments. 

We have now found surprisingly that compositions produced from one or more species of cell and one 

40 or more polymer latices in particulate form often exhibit the aforesaid desirable features and tend not to 
have many of the aforesaid disadvantages. For example, the cell wall may be stabilised, i.e. so-called cell- 
wall integrity is retained; deactivation of the useful enzyme within the cell by a cross-linking agent does not 
occur; the composite is often tough when wet; the ease of processing thereof may be increased; and the 
cost of such compositions tend to be lower than that of prior art compositions since latices tend to be 

45 cheaper than certain prior art polymeric components, e.g. prior art flocculants. 

We have found that high molecular weight latex polymer particles tend to have suitable physical 
properties of a film such as hardness, wear-resistance and other desirable film integrity properties (a) to 
sufficiently protect discrete cells and (b) to provide sufficient resilience andor strength to hold the originally 
discrete cells in an integral structure. 

so According to a first aspect of the present invention there is provided a composition comprising an 
agglomerate of cells of an organism intimately dispersed in a structure which is. or is derived from, a 
plurality of particles of an organic solid, characterised in that th particulat organic solid comprises at least 
one soft polymer. 

According to a second aspect of the pr sent invention there is provided a process for the preparation of 
a composition as defined in the first aspect of the pr sent invention which process comprises at least th 
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steps of (A) mixing cells of the organism with a latex of at least one soft polymer such that an intimate 
mixture is formed: (B) allowing or causing the intimate mixture to form agglomerates, without, toss of this 
intimacy, by any means known or to be discover d: and (C) recovering theLagglomerates«wherain in at least 
one of th st ps A. B or C th soft polym r particles "flow-out" or coat at least a porti otLctfrtoe^y ils^, 
5 AccordiQg.to,aJ }ird aspect of t he pre^tjnyention there is provided-a-process~for the production of a 
product of an enzymeTeaction, for exampl an intermediate or a metabolite, which process comprises the 
step of contacting, under appropriate reaction conditions, a substrate with a composition as defined in the 
first aspect of the present invention. 

According to a fourth aspect of the present there is provided a shaped composition derived from an 
io intimate mixture of (a) an aqueous latex of a Aim-forming or coating polymer and (b) cells of ah organism. 

According to a fifth aspect of the present invention there is provided a process for the preparation of a 
composition according to the fourth aspect of the present, invention which process comprises at least the 
steps of (A) forming an aqueous latex of at least one film-forming soft polymer; 
(B) admixing said aqueous latex with cells of an organism; and 
T5 (C) allowing or causing the admixKTre* to Jorm agglomerates^ 

By "soft"pSlymer""we mean that under thelfonditions used in the process according to the second or 
fifth aspects of the present invention; 

(a) the polymer has sufficient fluidity to provide flow-out or under go at least partial coalescence eg 
by. it is believed, the capability of segments of the polymer chains to move relative to each other, such that 

20 at least a portion of the ceils of the organism are coated therewith; and 

(b) the aforesaid sufficient fluidity is obtained at a temperature which is lower than the highest 
temperature which the particular enzyme within the particular integral immobilised cell can withstand. 

It will have sufficient resilience or strength such that it can hold the originally discrete cells in an integral, 
structure. 

25 Preferably the aforesaid sufficient fluidity is obtained by carrying out at least one step of the process of 
the present invention at a temperature which is above the Tg of the soft polymer. However, we do not 
exclude the possibility that an additive, eg a plasticiser therefor, may be present in the admixture such that 
the sufficient fluidity may be obtained. Furthermore, the fluidity may be increased by use of the additive, eg 
by further softening the soft polymer, such that a thinner skin thereof is provided on the ceils. 

30 By "agglomerates" we mean multiparticulate or granular species formed by the mutuai adhesion of 
many previously discrete and independently moving particles. Such mutual adhesion is a typical property of 
colloidal systems and is variously referred to in the art by the terms, flocculation. coagulation, and 
aggregation; the larger species produced being known as flocculates (or floes), coagulates, and aggregates. 
These terms are sometimes defined and distinguished in the light of the procedure used to bring about the 

35 mutual adhesion and the forces holding the originally discrete particles together in the agglomerate. 
However, there is a tendency in the art to use them indiscriminately and, accordingly, where we use 
"agglomerates" and "agglomeration" it is to be understood that they include "flocculates", "coagulates" 
and "aggregates"; and "flocculation", etc. As examples of known processes by which agglomeration of a 
colloidal system may be effected may be mentioned inter alia (a) the addition of an electrolyte, (b) the 

40 addition of a soluble polymer, (c) pH adjustment, (d) mechanical treatment such as rapid stirring, shearing, 
or centrifugation, and (e) contacting with a liquid which is immiscible with the liquid phase of the colloid, ft 
will be appreciated that the means used for the preparation of a particular agglomerate will be chosen in the 
light of inter alia the type of forces opposing mutual adhesion of the discrete particles. Where at least two 
kinds of discrete particles are present the agglomeration step is more correctly referred to as co- 

45 agglomeration (or, corresponding, co-flocculation. co-coagulation, or co-aggregation). Moreover where, as in 
the compositions of the first aspect of this invention, the resulting agglomerates contain, in intimate 
admixture, a plurality of types of particles which were initially discrete (i.e. the agglomeration process Is not 
accompanied by partial or complete segregation of the several types), the agglomerates are more correctly 
referred to as hetero-agglomerates (or correspondingly, hetero-flocculates. hetero-coagulates, or hetero- 

50 aggregates). 

As examples of organisms of which compositions according to the first aspect of the present invention 
may be comprised may be mentioned inter alia plant cells, animal cells, or preferably cells of microorgan- 
isms, for example fungi, algae or preferably bacterial cells, or more preferably cells of a Gram-negative 
bacterium. As specific examples of such bacterial cells may be mentioned inter alia Pseudomonas sp, e.g. 
55 Pseudomonas putida; Arthobacter sp; Bacillus sp eg Bacillus subtilis ; or Enterobacteriacae sp, e.g. E.coli . 

Wher as it is oft n pref rred that the aspect ratio of the cells present in th composition according to 
the present invention is tow, eg less than 10, typically about 3 or 4, we do not exclude the possibility that 
th y may have higher aspect ratios. For example, they may be filamentous microorganisms, e.g. fungi. As 
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examples of fungi may be mentioned inter alia strains of Fusarium . Rhizobium Oligosporus . Rhizopus and 
Aspergillus , e.g. Fusarium qraminearum and lateritium . It will be appreciated that such filamentous 
microorganisms may have short side-branches attached to the mains stem of hypha. 

Wh ilst it is often ^re ferre d that discre t ^eys^are^employed^e. do not exclude the^possjbiHty^ that 
microorganisms whichare morpholc^icail^i^nct fron^the*aforesaid cells may be used: a mass of 
attached or entangled cell s. e.g. filamentofc fu n gij nayCb e | used- 

As examples of desirable enzymes which^represent ifTMe aforesaid cells may be mentioned inter alia 
glucose isomerase. dehalogenaSTlfomatic oxygenase, cyanide hydratase and catalase. 

We do not exclude the possibility that a* mixture of- twc^j^more strains or species of cells may be 
io present particularly where the presence of a plurality of compatible enzymes is desired, e.g. where a first 
enzyme acts at one stage of a process and a second enzyme acts at a later stage of the process according 
to the third aspect of the present invention. 

Preferably discrete cells, where they are used in the process according to the second or fifth aspects of 
the present invention, are unprocessed but we do not exclude the possibility that stored or processed 
rs mature cells, e.g. reconstituted freeze-or other suitable-dried suspensions thereof, may be used. 

The organism of which the composition according to the first aspect of the present invention is 
comprised may comprise genetically modified cells. By "genetically modified cell" we mean that the cell 
contains a gene (which may be natural or synthetic) which the cell does not contain in its natural 
environment. As examples of typical host organisms which may be genetically modified may be mentioned 
20 inter alia E.coli . Methylophilus methylotrophus . B.subtilis and Saccharomyces cerevisiae . * 

By "latex" we mean a dispersion or suspension of small. e.g. less than 10 microns, . polymeric particle s 
in a liquid. The dispersed particles mayjbe madejjy processes known in the art e.g. comminution. t>r 
preferably by" suspension, dispersion or emulsion polymerisatiorTtechniquesTThe-aforesaid liquid is chosen 
such that it does not adversely affect the cells with which it is to be intimately mixed in the process 
25 according to the second or fifth aspects of the present invention, preferably it is polar hydroxy and more 
preferably is aqueous. The aforesaid polymeric particles may have any shape, they are often spherical, but 
we do not exclude the possibility that they may have an alternative shape, e.g. ellipsoid. 

Aqueous^ based coating compositions based on aqueous latices of film-forming polymers are well 
known, eg the polymer latices are typically prepared by aqueous emulsion polymerisation of one or more 
30 monoethylenically unsaturated monomers. Such a preparation is typically carried out in an aqueous medium 
with the aid of a free-radical-yielding initiator and usually in the presence of a surface active agent which 
will yield an aqueous latex. The latex may also be formed by inter alia post-emulsification (in water) of pre- 
formed solid polymers prepared by any suitable addition polymerisation technique, eg free radical, anionic 
or cationic polymerisation. 

35 The use of a soft polymer in the process according to the second or fifth aspects of the present 
invention tends to prevent deactivation of the pro tein or enzyme, w here mat ure cel ls^are used, or where 
certain desirable characteristics of tfie~cells andorenzyme. e.g. cell viability, cannot withstand a tempera- 
ture above a certain temperature. For example, where the ceils or the enzyme therein can withstand a 
temperature of up to about 60°C. e.g. Arthrobacter . the polymer may have a Tg up to about 60°C; where 

40 the cells can withstand a temperature of up to about 30°C, e.g. Pseudomonas putida. the polymer may 
haw a Tg M p to about 30°C^As exam ples of. commercially available suitable latices for use in the process 
according to the second or fifth aspects of the present invention "may be mentioned inter alia copolymers of 
methyl methacrylate and copolymers of styrene with. e.g. butyl acrylate. ethyl acrylate and ethyl hexyl 
acrylate, the Tg's of which copolymers often are in the range from Q°C up to the Tg of the homopolymer: 

45 polyvinyl acetate; polyvinylidene chloride and suitable copolymers thereof, e.g. having a Tg in the 
temperature range from -5°C to 15°C; butadiene-styrene copolymers, i.e. so-called "SBR rubbers", e.g. 
having a Tg of less than -10°C. e.g. about -60°C. The skilled man will readily find by experiment a suitable 
low Tg polymer suitable for use with a particular cell in the process according to the second or fifth aspects 
of the present invention. 

so It will be appreciated that the structure and permeability to aqueous media of compositions according to 
the present invention is such that a substrate is allowed access to the cells containing the enzyme to which 
it is to be subjected; a composition allowing suitable water permeability is used. e.g. acrylates are often 
preferred to polyvinylidene chloride (which tends to be a barrier to H2O). 

It will be appreciated that the latex which is used in the process according to the second and fifth 
55 aspects of the present invention is preferably colloidally stable at the pH at which it is mixed with the cells, 
at least for the time span of mixing. 

The at least on soft polymer latex is chosen such that a desirabl balance of properties, .g. 
mechanical str ngth and compressive strength, is obtained in the composition. We hav found that by using 
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a mixture of latlces of suitable hard and soft polymers in the process according to the second or fifth , 
aspects of th present invention, a structure having a suitable balance of prop rties may be obtained; the 
aforesaid hard latex tends to be co-flocculated into the mass but does not flow significantly und r the 
conditions at which th process according to the pr sent invention is carried out. The skilled man, where h 

5 wishes to use a mixture of hard and soft polymer in the composition according to the pres nt invention, will 
be readily able to find such a mixture by experimentation. 

TheJilrfvfojr^^ a polymer or copolymer comprising units derived from one 

or more monoethylenically unsaturated monomers of the film-forming type containing one or more olefinic, 
vinyl, vinylidene groups or preferably an acrylic or methacrylic double bond. 

w In the process according to the second aspect of the present invention, the pH of the latex is checked 
for compatibility with the cells and, where necessary, is adjusted accordingly such that it is compatible with 
the cells and the desired enzyme contained therein. The latex is mixed with a suspension of the cells, 
preferably the mixture is stable such that flocculation on contact does not occur and an even distribution of 
the cells in the latex is obtained. However, we do not exclude the possibility that, where an uneven 

15 distribution of cells in the composition is desirable, an uneven distribution of ceils in the latex is used. 

The admixture of the latex with the cells may be effected in any suitable manner or order. For example, 
the cells may be stirred into the preformed polymer latex, allowing sufficient time for the cells to be evenly 
distributed throughout the latex; this leads to a more homogeneous composition with better mechanical 
stability properties. 

20 A suitable flocculating agent is then often added. However, where there is an appropriate interaction 
between the polymer particles and the cells, e.g. the surface of the cells is negatively charged and the 
surface of the polymer particles is positively charged, addition of a flocculating agent may be unnecessary; 
the absence of a flocculating agent often confers no technical advantage on the process or the product 
thereof. 

25 Where co-flocculation of the aforesaid mixture of cells and polymer particles is effected by addition of a 
suitable flocculant. cthe suitablaJlocculant_ma y be arU norg anic or an or ga nic substance. As examples of 
known ionic flocculants^which-may»be-simple or complex, may be mentioned inter alia those derived from 
cations sucFTas Na + . Ca2 + , Mg2 + . Ba2 + , Fe3 +~, AI3+ or uranium oxide cations. As examples of known 
organic polymeric fiocculants. which may be cationic, anionic or nonionic. may be mentione ^nt^ 

30 * 9th y!?"? 'SiS 8 ^ po W— Cyl'P^ac'd^and pdyjacn^jide). The fiocculants are chosen such that inter alia 
tiwiHs^inlmai loss in activity of the desired enzymes present in the cells. At the flocculating stage, it is 
often possible to control the structure within the flocculated mass, for example to produce domains of cells, 
e.g. a plurality of contiguous cells, using known procedures, similar to those reported by Jones, Mills, 
Stewart and Sutton at the Conference on Ceramic Science and Technology. Boston, USA, August 3-6, 1986. 

as The flocculating agent is preferably directly effective on the latex; where one component of a system 
comprising a two component mixture becomes unstable the system is often flocculated. For example, 
Arthrobacter is a very colloidaiiy stable cell which does not usually flocculate with calcium chloride, 
however, where Arthrobacter is mixed with an appropriate latex, the latex is destabilised by the calcium 
chloride and the system flocculates. 

40 The flocculated composition recovered from step C of the process according to the second aspect of 
the present invention tends to be self-supporting, e.g. in the form of a cheese or typically a putty, albeit 
having a wide size distribution of aggregates, and not paste-like or crumbly. The flocculated composition 
often remains intact when filtered and may be used without further drying for the reaction thereof with the 
desired substrate but this is not preferred. 

45 Where the flocculation step is carried out at a temperature above the Tg of the latex used in the 
process according to the second or fifth aspects of the present invention there is a tendency for so-called 
coalescence of the latex to occur. Such samples may be further consolidated, i.e. to reduce water content 
thereof, by filtration or centrifugation and the consolidated composition produced may be further shaped 
e.g. be extruded into fibrils. These fibrils may be used without further drying but this is not preferred. 

so Typically, the composition is dewatered by filtration or centrifugation and the consolidated mass can 
then be extruded such that fibrils are produced. However, we do not exclude the possibility that alternative 
means of shaping the composition such that a strong, porous structure which allows ready access of the 
substrate to the cells may be employed. For example, the intimate mixture of cells and latex may be 
aggregated and shaped into granular form by known agglomerative or alternative techniques, e.g. spray 

55 drying or spheronisation. 

Where fibrils are prepared they may be dried at a temperature which will allow the latex particles to 
flow but does not deactivate the desired enzyme. The dried fibrils may be cut up and stored ready for use. 
or they may be used undried. 
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It is sometimes pr ferred that a first liquid (in addition to the liquid medium of which the latex is 
compris d) is mployed in the process according to the second aspect of th present invention, which 
liquid is compatible with the cells and is capable of collecting the co-flocculated latex and cells, i.e. by so- 
called "spherical agglomeration techniques", which include liquid bridging as is more fully described by 

5 C.E. Capes in "Handbook of Powder Technology. Volum 1. Particle Size Enlargement", Els vier. 1980. 
By "coHIecting" we mean that ther is a high per-centage of cells with latex incorporated into the first liquid 
such that granules are formed which may then be used as hereinbefore described. As an example of a 
suitable liquid may be mentioned inter alia heptane. 

As an example of an additive which may be added to further soften the soft polymer may be mentioned 

/o methylene chloride (for vinylidene chloride/polyvinyl chloride copolymers). 

The unusually high colloidal stability of certain cells, e.g. Arthrobacter . to certain variations in the liquid 
with which it is in contact, e.g. inorganic salt concentrations, tends to complicate certain potential harvesting 
routes thereof. By the process of the present invention the aforesaid complications can often be overcome 
such that the cells (i) can be harvested from suspension and be shaped, e.g. into granules* fibrils, for 

is packing into a column, (ii) retain their enzyme activity, (iii) be sufficiently porous to allow liquid access to 
the cells through the matrix, (iv) have sufficient strength to withstand the pressure inside the aforesaid 
column (v) and be substantially resistant to break-up and wash off. 

The mutual adhesion forces promoted by the aforementioned flocculating agent typically confer upon 
agglomerates and hetero-agglomerates sufficient stability such that they retain their integrity during 

20 subsequent steps of their preparation such as gentle stirring or concentration by. for example, filtration or 
centrifuging. However, the pressures and shear forces to which they may be subjected in reactors and 
process vessels tend to cause disintegration, or significant erosion thereof, in times much shorter than their 
desired, and otherwise achievable, bio-catalytic life-times. It is therefore a preferred feature of the second 
and fifth aspects of this invention that, for at least a part of the time during or subsequent to the 

25 agglomeration step the temperature of the composition is above the Tg of the soft polymer. This allows 
some fusion of contiguous polymer particles and hence consolidation and strengthening of the agglomerate 
structure. It will be appreciated, as hereinbefore described, that the Tg of the polymer should not exceed 
the highest temperature which the enzyme within the cell or the cell integrity can withstand. There is. 
however, no such dearly defined lower limit to Tg since, being stabilised against mutual adhesion, the 

30 polymer particles often will not fuse and consolidate prior to agglomeration. It is believed, without prejudice 
to the present invention, that in the composition of the first aspect of the present invention, the polymer 
particles have, to a greater or lesser extent, lost their identity and have become fused into porous structure, 
which may be in the form of discrete granules or a continuous matrix or a mixture thereof. 

The composition of the invention may also include certain further ingredients. For example, it may 

35 include ingredients often employed in film-forming coating formulations, such as defoamers. rheology 
control agents, thickeners, dispersing and stabilising agents, wetting agents, extenders, coalescing solvent, 
plasticisers etc. 

The present invention is further illustrated with reference to the following Examples. 



This Example illustrates (a) the activity of an enzyme in and (b) the mechanical stability, and the ease 
45 of recovery, of certain of the immobilised cells according to the present invention. 

A strain of Pseudomonas putida containing the enzyme D-2-monochloropropionic acid dehalogenase 




was cultured . A dispersion of the cells, containing 1D% w w dry bai*is~6f solid matter, was added to a 
mixture of arTacrylic copolymer latex (mean diameter 0.4 microns; Tg = 5°C) at 10% w w solids and 
Styrene-Butadiene rubber (SBR) latex (mean diameter 0.1 microns: Tg less than -10°C) at 10% w w solids 
so such that the proportion of cells to acrylic latex to SBR latex was 2:1:1 on a dry weight basis. The 
dispersion was then mixed and 10% polyethylene imine) (PEI) solution (MW 50.000 - 100.000) was added 
with rapid stirring to induce aggregation in the mixture. The mixture was then gently stirred at between 50 
to 100 RPM. 

The resultant aggregates were separated from the supernatant by centrifugation. From the consolidated 
55 mass, fibrils of approximately 1-2 mm in diameter were produced by extrusion. These were dried overnight 
at room temperature. 

The activity of the d halogenase enzyme in the immobilised system in a neutralised and buffer d 2- 
chloropropionic acid substrate was measured in a bioreactor containing lOg litre of immobilised cells (dry 
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basis) and stirred at 100 RPM. Th initial activity was 1.4 milli-Moles (mM) of chloride per hour per gram 
dry weight of cells. The reaction went to stoichiometric compl tion. After reaction the supernatant turbidity 
was assessed at 575 nm using a visible spectrophotometer (Pye Unican SP6-300) and disposable cuvette 
(1cm pathlength). Th optical d nsity was found t be 1.28 indicating a relativ ly low degr of attrition of 
5 the fibrils (compare First Comparative Test). 

In a first Comparative Test, the above procedure was repeated except that "free" i.e. non-immobilised, 
cells were used instead of cells immobilised in a mixture of acrylic copolymer latex and SBR latex. The 
optical density of the supernatant was found to be more than 2.0. 

The occurrence of cell lysis was determined by monitoring the soluble protein concentration in the 
io supernatant following the reaction. The determination was carried out using the Bio-Rad proteins-assay 
procedure. The soluble protein concentration for the latex-immobilised system was much lower at 0.77 
mg/ml than that produced in the first Comparative Test using "free" cells. 1.2 mg/ml. 

The latex-immobilised cells were easily isolated from the reaction liquor by decantation. In contrast, the 
"free" cell treated system was difficult to isolate requiring use of flocculating agents and centrifugation. 

15 

Example 2 



20 This Example illustrates the repeated use of immobilised cells according to the present invention. 

The procedure described in Example 1 was repeated to give latex-immobilised cells containing 50% by 
weight dry cells which were used to carry out the biotransformation described in Example 1. 

The immobilised cells were found to have an initial activity of 1.2mM of Cr/hour/gram and the reaction 
went to completion. The biocatalyst was isolated by decantation and added to a fresh batch of substrate in 
25 the bioreactor. This second biotransformation also went to completion but with a reduced initial rate 
(0.25mM of CChour/gram). The procedure was further repeated and again the biotransformation occurred. 

In a Comparative Test using "free" cells, after re-isolation by centrifugation, they yielded no measurable 
catalytic action for the second and subsequent attempts at biotransformation. 

Hence, the latex-immobilisation confers upon the cells a stabilising influence for the dehalogenase 
30 enzyme compared with "free" cells. This stabilising influence permits re-use of the latex-immobilised 
catalyst whereas there is a tendency for no re-use for the "free" cells. 



35 




These Examples illustrate the use of a range of flocculants and the use of a hard polymer as well as the 
soft polymer. 

In these Examples, the procedure of Example 1 was repeated except that the compositions shown in 
40 Table 1 were used. The cells and each polymer were used at a concentration of 10% wv. In the 
Comparative Test two portions of 10% w/v poly (methyl methacrylate) were used. 
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TABLE 1 



Example 
No. 


1st Soft 

Polymer 

(SI) 


2nd Soft 

Polymer 

(S2) 


Hard 

Polymer 

(H) 


Floccul- 
ant or 
coagul- 
ant 


Ratio 
Dry Wt 
C:S1:S2:H 


3 


- 


SBR 


PMMA(l) 


PEI 


4:0:3:3 


4 


Acrylic 


SBR 


- 


Zeetag 
63 


4:3:3:0 


5 


Acrylic 


SBR 


- 


CaCl 2 


4:3:3:0 


6 


Acrylic 


SBR 


- 


A1(N0 3 ) 3 


4:3:3:0 


7 


Acrylic 


SBR 




FeCl 3 


4:3:3:0 


CT 






PMMA(2) 




2:0:0:3 


CT is a Comparative Test 
C: Pseudomonas putida 

PMMA(1 and 2) : Poly (methyl methacrylate) -based 

latices of particle size 0,3 microns and having Tg's 

of (1) above 90°C and (2) 87°C respectively. 

PEI: Poly (ethylene-imine) of Mw 50,000-100,000 (ex 

Polysciences) . 

Zeetag: ex Allied Colloids. 



In Examples 3-7, resilient immobilised cell-containing fibrils were obtained which survived a 24 hour 
exposure to agitation (100 RPM) in buffered 0.5M CPA substrate. At the end of the reaction, the fibrils were 
readily separated from the reaction mixture by decantation. a substantially clear supernatant was left. 

In the Comparative Test, extensiv attrition of the fibrils occurred thus causing generation of a very 
turbid supernatant which had an optical density of more than 2.0. 



8 
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Example 8 

This Example illustrates particles of high r aspect rati and having higher initial activity pr pared from 
5 immobilised cells according to the present invention. 

- The procedure of Examp! 1 was repeat d xcept that a die (of smaller diameter) was used, fibrils of 
0.8mm diameter were obtained. 

At the end of the biotransformation reaction, which went to completion, these fibrils were mechanically 
intact. However, the initial activity of these fibrils was found to be 66% greater than that of the 1-2mm 
iq diameter fibrils used in Example 1. 

Example 9 

?5 

This Example illustrates the resilience to high substrate concentration of certain immobilised cells 
according to the present invention. 

A batch of fibrils prepared as in Example 1 was exposed in a bioreactor to a neutralised buffered 
substrate at a concentration of 2.5 M chloro-propionic acid. The immobilised system continued to catalyse 
20 the reaction over a prolonged period of more than 48 hours. 

In Comparative Tests with "free" cells at a range of substrate concentration of chloro-propionic acid, the 
half-lives of the enzyme were found to be as shown in Table 2. 



25 




TABLE 2 






Example 


Concentration 


Half-life 


30 


No. 


CPA 


(hours) 






(M) 




35 


CT1 


0.55 


20 




CT2 


0.65 


10 


40 










CT3 


0.85 


7 




CT4 


1.15 


2.5 


45 










CT5 


1.4 


1.5 


50 










CT: Comparative Test 





From thes results it can be extrapolated that at a substrate concentration of 2.5 M chloropropionic acid, 
substantially total inactivation of the nzyme in "free" cells would occur in about 2 hours. Furthermore, in 
thes Comparativ Tests, w found that th reaction reached less than 10% of the th or tical conv rsion. 
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Example 10 



This Example illustrates immobilised cells comprising a different microorganism. 

Th procedure for the preparation of fibrils described in Example 1 was repeated exc pt that Bacillus 
subt iii5 was used instead of Pseudomonas putida . The mechanical stability and the catalytic strength of 
theielibrils were determined. Th catalytic strength was determined by their ability to catalyse, via the 
naturally occurring enzyme catalase. the decomposition of a hydrogen peroxide substrate. 

Mechanical integrity was monitored by agitating the fibrils in 1 Molar phosphate buffer (pH 7.2) at 100 
RPM. 35°C for a period of about 24 hours. The supernatant optical density was then recorded at 575 nm as 
hereinbefore described. A very low supernatant optical density was measured (0.021) corresponding to an 
essentially clear supernatant with mechanically intact biocatalyst fibrils. 

The activity of this system was assessed by volumetric determination of the oxygen product evolved 
following the introduction of a portion (25 mis) of a 0.02M phosphate buffer (pH7) containing 9.5M hydrogen 
peroxide solution (0.7 mis) into an agitated flask containing a sample (0.2g) of the fibrils. 

The reaction went to stoichiometric completion in approximately 30 minutes at 23°C. The fibrils were 
isolated by decantation and high residual activity was demonstrated on re-use. The reaction again 
proceeded to stoichiometric completion. 

Example 1 1 

This Example illustrates the use of a yet further microorganism in immobilised cells according to the 
present invention. 

A composition was prepared and tested as in Example 10 but substituting cells of Escherichia coli for 
Bacillus subtilis. Good mechanical integrity was demonstrated by agitating the fibrils in 0.1 M phosphate 
buffer at approximately 20°C at 100 RPM for 24 hours. The optical density of the supernatant (recorded at 
575 nm) was less than 0.07. The fibrils were mechanically intact at the end of the 24 hours. Broad initial 
activity and re-use capability of the biocatalyst were found using the catalase assay described in Example 
10. 



Example 12 

This Example illustrates the use of a filamentous fungus (i.e. a microorganism of high aspect ratio which 
has a very different morphology from the microorganisms used in Examples 1-11). The fungus used, 
namely Fusarium late riti urn, contained the enzyme cyanide hydratase. 

A suspension (25 grams) containing approximately 5% w w (dry basis) of the filamentous organism 
Fusarium lateritium fin viable form) was mixed with gentle stirring with a mixture (25 grams) of a 5% w/w 
mixed dispersion, of the "soft" acrylic latex and SBR latex (equal concentration, on weight basis) described 
in Example 1. A 10% solution of PEI was then added with more vigorous stirring (600 RPM) such that the 
final concentration of flocculant was about 2i% w;w on total solids. Aggregates were readily isolated by 
filtration, shaped into fibrils by extrusion and then allowed to dry at ambient temperature. 



Examples 13-17 



These Examples illustrate the mechanical robustness of further compositions according to the present 
invention. 

The compositions used in Examples 13-17 were. prepared from the same microorganism under the 
conditions described for Example 12. except that the ratio of fungi to latex are as shown in Table 3. Fibrillar 
biocataiysts were obtained, the mechanical robustness of which was assessed by prolonged shaking at 100 
RPM in 0.1 M Trizma buff r (Sigma. pH 8.5) following the addition of 0.5 ml of 0.2 M sodium azide to 
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pr vent xtraneous bact rial growth. Th cone ntration of fibrils was such that the agitated suspensions 
contained 0.1 g of fungal material per 20cm 3 of buff r. After 24 hours th supernatant was substantially clear 
with very little attrition of the fibrils. The optical density (at 575 nm) of th supernatant after 24 hours 
agitation was measured; the results are shown in Table 3. 

5 



TABLE 3 



10 


Example 


Wt Ratio 


OD 575 




No. 


Fungus 


: Latex 


reaction 
liquor 


15 


13 


90 : 


10 


0.011 




14 


70 : 


30 


0.014 


20 












15 


50 : 


50 


0.011 


25 


16 


30 : 


70 


0.010 




17 


10 : 


90 


0.018 



30 



An assay for cyanide hydratase activity confirmed that the enzyme activity was substantially preserved 
during the preparation of the immobilised system. 

35 

Example 18 

This Example illustrates the use of a yet further microorganism in immobilised cells according to the 
40 present invention. 

Arthrobacter culture (2.5 litres: containing 1 0g/Htre of viable cells) was mixed with a 10% w/w latex (78 
mis) of a poly(vinylidene chloride/vinyl chloride/ 2-ethyl-hexyl acrylate) (Tg 10-13°C). Molar CaCI 2 (156 
mis) was added with slow stirring (50-100 RPM) to the mixture of cells and latex which was then flocculated. 
The flocculated mass was separated from the supernatant by centrifugation. The consolidated mass was 
45 extruded onto a non-stick surface via a syringe, fibrils of approximately 2 mm diameter were obtained. 
These were dried at 60°C overnight and the dried fibrils were found to contain 76% Arthrobacter cells be 
weight. 

The strength of the fibrils, determined by so-called Nz analysis, was 765 Nz * 10" 5 Kg 2 m* 2 s~ 2 ; they 
had an activity of 70 glucose isomerase units per gram. Nz analysis gives a numerical measure of the 
50 resistance of a bed of material to time-dependent irreversible creep or deformation which is induced by 
fluid friction. It provides an indication of the capability of a material to function in a mechanically stable 
manner under conditions of fluid flow through a bed thereof. 

To carry out the analysis, the pressure drop across a swollen bed of material of known weight is 
measured at a series of known liquid flow rates and top loadings. From these measurements, the bed 
55 permeabilities (Z), at a range of stress pressures (Ps), can be calculated from the equations: 
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FuW 



Z = 



Jcg/m 



A 2 pg(h-hc) 



Ps = _ + (h - he) pg N/m a 
A 

where (at a defined temperature): 

W = Weight of dry material for forming the bed (kg): 

A = Cross-sectional area of the column (m 2 ); 

F = Solution flow rate (m 3 s); 

u = Solution viscosity (N&m 2 ) 

p = Solution density (kg m 3 ); 

h = Solution head loss across the bed (m); 

he = Solution head loss across the apparatus at flow rate F (m); 

g = Gravitational constant (rrvs 2 ) 

M = Applied top loading (kg); 

A graphical integration of Z with respect to Ps is carried out between two preset limits (eg 5 
kg;m for Z and 20 KMm 2 for Ps). Nz is represented by the area under this curve, ie 

20.103 
Nz = ZdPs kg^nr^s 2 

with the proviso that Z is less than 5 x 10* 7 kg m. 



Example 19 



This Example illustrates the use of a liquid to produce particles having different morphology. 

Arthrobacter culture (2.5 litres at lOgJ dry weight) was co-flocculated with a poly(vinylidene 
chloride-vinyl chlonde-2-ethyl-hexyl acrylate) latex (390 mis at 10% by weight) using CaCI 2 as described in 
Example 13. Prior to the centrifugation. methylene chloride (100 mis) was added with stirring. 

This solvent served both to "collect" the floes prior to centrifugation and also to soften the latex via 
plasticisation. In this Example, fibrils were formed by extrusion but drying was carried out at a temperature, 
i.e. 25 °C. which was lower than that used in Example 18. The fibrils were robust and showed no break-up 
when shaken in a glucose syrup (45% glucose, wv, at 60°C. pH 8.5) at 200 RPM overnight Satisfactory 
activity was demonstrated by isomerisation of D-glucose to D-fructose at 15 glucose isomerase units por 
gram of biocatalyst. Nz analysis showed a fibril strength of more than 1039Nz * 10" 5 kg 2 m _2 S- 2 . 



Example 20 

This Example illustrates the use of a plasticising agent and liquid to produce particles having a different 
morphology. 

A composition containing 13% ww (dry basis) of Arthrobacter cells and 87% (0.1am) polyvinyl 
chloride) latex was prepared using 0.1 W BaCfe as the flocculating agent The floes were then collected by 
the spherical agglomeration technique using a solution of dioctyl phthalate in hexar.e as the bridging liquid. 
Strong granules were obtained; they were sufficiently r silient to survive the shaking test (describ d in 
Example 19) in glucose syrup with substantially no granule destruction. Th y war found to hav an activity 
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of 10 glucose i so me rase units per gram of granule. 

In a comparative test, neat hexane was used instead of the solution od dioctyl phthaJate in hexane as 
the bridging liquid. The granules obtained were mechanically weak when tested in the aforesaid shaking 
test. 

5 

Claims 

1. Composition comprising an agglomerate of cells of an organism intimately dispersed in a structure 
10 which is, or is derived from, a plurality of particles of an organic solid characterised in that the particulate 

solid comprises at least one soft polymer as hereinbefore defined. 

2. A composition as claimed in Claim 1 in the form of a paste or putty. 

3. A composition as claimed in Claim 1 in the form of a shaped mass such as fibres, fibrils or granules. 

4. A composition derived from an intimate mixture of an aqueous latex of a film-forming or coating 
75 polymer and cells of an organism. 

5. A composition as claimed in Claim 1 wherein the Tg of the soft polymer is below the highest 
temperature which the enzyme in the cell can withstand without becoming unduly adversely affected 
thereby. 

6. A composition as claimed in Claim 1 wherein the cells comprise bacterial cells. 

20 7. A composition as claimed in Claim 6 wherein the bacterial cells comprise Pseudomonas sp, 
Arthrobacter sp, Bacillus sp, or Enterobacteriacae sp. 

8. A composition as claimed in Claim 1 wherein the cell comprises at least one of the following 
enzymes: glucose isomerase, dehalogenase. catalase. oxygenase or cyanide hydratase. 

9. A composition as claimed in Claim 1 wherein the soft polymer is a copolymer of methyl 
25 methacrylate, a copolymer of styrene, poly(vinylidene chloride) and suitable copolymers thereof or 

butadiene-styrene copolymers. 

10. A composition as claimed in Claim 1 further characterised in that the particulate solid comprises 
both a hard and a soft polymer. 

1 1 . A process for the preparation of a composition as claimed in Claim 1 which process comprises at * 
30 least the steps of: 

(A) mixing cells of the organism with a latex of at least a soft polymer as defined in Claim 1, such 
that an intimate mixture is formed; 

(B) allowing or causing the intimate mixture, to form agglomerates: and 

(C) recovering the agglomerates; 

35 wherein in at least one of the steps A, B or C. the polymer particles flow-outor undergoes at least partial 
coalescence or coat at least a portion of the cells. 

12. A process as claimed in Claim 11 wherein for at least part of the time during, or subsequent to, 
Step B, the temperature is maintained above the Tg of the soft polymer. 

13. A process for the preparation of a composition as claimed in Claim 4 which proc ess compris es the 
40 steps of: 

(A) forming an aqu eous latex o f at least one film-fo rming polyjper; 

(B) admixing^ said aqueojusjatex witivceHs of an jojganisjTi : and 

(C) allowing or causing the admixture to form agglomerates. 

14. A process as claimed in Claims 11 or 13 further characterised in that the composition is subjected 
45 to a shaping process. 

15. A process according to claims 11 or 13 wherein at least one step of the process is carried out at a 
temperature which is above the Tg of the soft polymer. 

16. A process as claimed in Claim 11 wherein a suitable flocculant is used to aid flocculation. 

17. A process as claimed in Claim 17 wherein the flocculant is directly effective on the latex. 

so 18. A process as claimed in Claim 18 wherein the suitable flocculant is. or is desired from, a cation 
such as Na\ Ca 2 . Mg 2 \ Ba 2 *, Al 3 * or a uranium oxide cation. 

19. A process for the production of a product of an enzyme reaction which process comprises the step 
of contacting a substrate with a composition as claimed in Claim 1 under conditions such that the enzyme 
reacts on the substrate. 

55 20. A process as claimed in Claim 19 wherein the enzyme is an enzyme defined in Claim 8. 

21. A proc ss as claimed in Claim 19 wherein th composition comprises a ceil as d fined in Claim 7. 
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